ABSTRACT Patients with chronic toxic encephalopathy caused by occupational exposure to organic solvents and diagnosed between 1976 and 1981 have been re-examined during a follow up period of 21-88 months (median 48). Thirty two patients underwent computed brain tomography (CT), were retested psychometrically, and the results were compared with a group of age matched control subjects from the same socioeconomic level. The age of the patients was 33-69 (median 55) and they had been exposed to organic solvents for 7-50 years (median 26). The CT examinations were quantified by linear measurements on the films of the four largest sulci, the minimum width of the cella media and the third ventricle. Bifrontal horn, bicaudate, and third ventricle-Sylvian fissure distances were also measured; and measurements were adjusted for variation in skull diameter. No differences were found between the patients and controls. Most of the measures were correlated with age, to a somewhat higher degree in the patients. The patient-control differences did not increase with increasing age of the subjects. Psychometrically the patients performed worse than the controls despite adjustments for possible differences of intellectual level in the two groups. In the patients correlations were found between some of the CT measures and psychometric test performances suggesting slower psychomotor speed and attention difficulties among subjects with central and cortical brain substance reduction. No such correlation was found in the control group. It is concluded that patients with solvent induced chronic toxic encephalopathy have no severe loss of brain substance.
Long term exposure to organic solvents as a cause of chronic toxic encephalopathy now seems well established; the World Health Organisation has recently published recommendations on this matterl and definition of the syndrome has been suggested at a conference in the United States. 2 One unresolved question is how solvent induced toxic encephalopathy differs from disorders leading to presenile dementia such as Alzheimer's and Pick's diseases. Patients with these diseases suffer from progressive brain disease with neuronal death, which may be detected by use of computed tomography (CT) and regional cerebral blood flow (rCBF) determinations. 3 4 These methods usually show brain atrophy and reduced cerebral blood flow as signs of death of the neuron which may be finally shown at necropsy. Studies on patients with solvent induced toxic Accepted 27 August 1 986 encephalopathy using pneumoencephalography and computed tomography have also disclosed brain atrophy among these patients.5`Quantification of brain atrophy in demented patients has been performed by linear measurements on CT films8--1 and the degree of brain atrophy has been shown to correlate with performance in psychometric tests." - '4 The aims of the present study were to examine solvent exposed encephalopathic patients by computed tomography, to search for signs of cerebral The control group consisted of 40 age matched men from the same socioeconomic level as the study group. They had never been exposed to solvents and all were in good health. For the comparison of psychometric test results, only group I and their controls were used. Fifteen of the controls had been tested previously15; the remaining 17 (who were older) were tested during the present study.
Methods
Computed tomography was performed on a Siemens Somatom 2, the neuroradiologist being blind as to the subjects' diagnosis. The four largest sulci and the minimum width of the celia media were measured directly on the films (figure). In addition the bifrontal horn and bicaudate distances, the minimal width of the third ventricle, and the distances from the third ventricle to the Sylvian fissures on both sides were also measured (figure).
A cortical index was calculated as the sum of the four sulcal measures. Adjustments for variation of skull size were made by calculating the ratios of the bifrontal horn, bicaudate, and the sum of the third ventricle-Sylvian fissure distances divided by the largest skull diameter. These ratios are called Evan's, bicaudate, and 3V-Sylvian fissure (3V-SF) indices, respectively.
Psychometrically the patients and control subjects were examined using tests of logical inductive abilities (Koh's block design and figure classification' 6), spa- Table 3 shows the results of the measurements on the CT films. No statistically significant differences were found between the group with chronic toxic encephalopathy and the control group. Multivariate comparison using Hotelling's T test confirmed this conclusion.
As seen in table 3, most CT measures were age dependent. With the hypothesis that aging in the brain is accelerated by exposure to solvents, the differences between the CT measures for solvent exposed and matched control subjects were calculated and the correlation with age was tested. The correlations were small and gave no support to the hypothesis stated; "Evan's index" r = 008, "bicaudate index" r = -0 08, "3V-SF index" r = 0 02, "cortical index" r = 012.
Psychometric test performance was, as expected, generally lower in the group of patients with chronic solvent encephalopathy (see table 4) . Adjustments for the performance differences in figure classification (table 5 ). In the control group no such correlations were found.
Discussion
We have been restrictive in selecting subjects for this study since our purpose was to eliminate the influence of other diseases on the brain and on the subjects' psychometric test performance. The loss of 13 patients during follow :up does not appear to influence the validity of the study. These 13 subjects were, so far as we know, comparable with the 32 subjects discussed here.
The appearance of other diseases in a group primarily diagnosed as having chronic toxic encephalopathy is to be expected, judging from previous reports on the re-examination of patients with dementia'9 20 and also from reports on the prognosis of toxic encephalopathy.2' 22 The Swedish compensation rules allow the primary diagnosis to be made more freely, with respect to aetiology, than in a study of the pure solvent effects.
We 14 26 This is also the case in our group of patients with chronic toxic encephalopathy. No correlation was found in the control group, which is in agreement with the results from an investigation of a sample from the general population. 26 We do not have an explanation for this observation, but it suggests some change of brain function in the solvent exposed subjects. The number of statistical computations gives, however, an expectation of several significant correlations by pure chance. The negative correlation between the 3V-SF index and the figure classification test seems especially to lack plausibility. The three other statistically significant correlations are plausible and indicate slower psychomotor speed and problems with attention in the subjects with a reduction in the central and cortical brain substance.
A calculation of any exposure effect relation was impossible. Elaborate exposure indices would inevitably be highly correlated with age, and the discrimination between age and the possible effects of exposure would be tentative in this type of study. The more pronounced age effect on the CT measures in the patient group might, however, suggest an effect of exposure.
We conclude that the patients with solvent induced chronic toxic encephalopathy had neuraesthenic and affective symptoms and performed more poorly than controls in psychometric tests but they had no signs of brain atrophy in CT.
